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The present invention relates to isolated, purified DNA 
sequences which can act as promoters in eukaryotic cells. 
More specifically, the present invention is related to such 
DNA sequences which act as promoters to express genes in 
nectaries of plants. The present invention also relates to 
chimerical gene constructs comprising a structural or a 
synthetic gene under the control of a promoter that effects 
expression of said genes in nectaries. This invention also 
relates to a process for producing metabolites in honey by 
allowing insects, preferably bees, to collect and process 
nectar from plants that excrete said metabolites in nectar 
or other exudates. Further, this invention relates to plant 
cells, plants or derivatives therefrom, that express the 
said chimerical gene . 
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Background of the invention 



Nectaries are nectar secreting organs or tissues that can 
be located inside (floral) or outside (extraf loral ) the 
flower. The main component of nectar is sugar, the variati- 
on between nectars of flowers from different species mainly 
being the concentration and ratio of glucose, fructose and 
sucrose (Baker and Baker, 19S2) . In addition, depending on 
the plant species, varying amounts of polysaccharides, 
lipids, organic acids, volatiles, minerals, phosphates, 
alkaloids, amino acids and proteins have been detected 
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nd Bak-r 1982) - Being a specialised sink organ, 
r^T^' — ^ s™ b, phloem loading 
(Davis e t al., 1985. Hagitzer ana Fahn. 1992). 

-f c„aar accumulation and nectar secretion 
The mechanisms of sugar accum stjecies (Fahn et al . , 

v. described for several plant species i« 
have been descnoea nec taries is achieved by 

^ir^JlJ^Z osmotic and chemical 
active transp ies of ^ plants sucrose is 

91 ^' to glucose and fructose, resulting in a hexose 

converted ™J^° S * ^ hexoses are converted to 

d ° mi T„nTch Is hydrolysed prior to anthesis and nectar 
^"ton Cell to cell transport of nectar in the nectary 
Hvma tissue is mainly silastic, as demonstrated by 
parenchyma tissue s[MdesmaCa be tveen these cells 

th e presence of ma y P ^ £rQm 3ecre 

' tne' cell membrane (eccrine secretion, or via the 

C 1 "and endop Lmatic reticulum vesicles (granulocrine 
Golgl and TO lecular regulation of nectary 

devest ^'nectary biochemistry has not been reported. 

f floral nectar is to reward pollinating 
The main fu = ^ ^ „ _ t their sh ort-term 

insects, insects col honeyb ees process large 

energy So -ney. Which is stored in honey- 

ouantitxes of nectar during the 

c ombs of -^ t ;;; n l 1S b e e colony different classes of 

winter perrod. «rttan produ ction process. 
worker bees coop««- « £rom the 

Poraging bees collect pollen ^ ^ ^ ^ chey 

31,4 b ":: o" it up to household bees. Pollen is used as a 
give most of it up Rdult nurse 

protei n source, "Pecal^y to feed th ^ ^ 
and worker bees use l.ttl P n eC 

digest proteins being J-ry ^ and 

Honey processing takes place y sComach . In the 

bringing up of the nectar from .he honey 
first process 15% of the water content is 
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processed nectar is temporarily stored in a honeycomb cell 
and taken out later for further processing. The final 
process includes filtering the honey to discard small 
particles like pollen grains. Sugar metabolising enzymes 
(invertase, amylase) are added and the honey is concentra- 
ted to an average water content of 20%. Most nectars and 
honeys only contain traces of protein (<0.2%). However, 
Calluna vulgaris (heather) honey can contain up to 1.8% 
protein, giving it thixotropic properties (Butler, 1962). 
It is known that bees add enzymes like invertase to nectar 
during the honey processing. Therefore, the probability 
that proteases are also added is very low. Protein digesti- 
on does not take place in the honey stomach but in the 
intestine of the honeybee. However, the ability of adult 
worker bees to digest proteins is very low, their main 
requirement being energy which they obtain from nectar. 
Until now, it was not established which proteins are 
present in heather honey and whether these originate from 
floral heather nectar or are added to honey by honeybees. 



rn the present invention it was established that heather 
honey contains two unique proteins that originate from 
floral nectar of heather. Based on these results a produc- 
tion system for proteins in nectar and honey was estab- 
2 5 lished. 

It is an object of the present invention to show that 
recombinant proteins can be secreted in nectar of transge- 
nic plants, that this nectar is collected by honeybees and 
30 that" the bees process this nectar into honey that contains 
the unaltered protein in a concentrated form. 



Definitions 
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Honev: A substance that contains approximately 80% sugar 
and varying amounts of other components and that is produ- 
ced bv insects, preferably bees, that collect and process 
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nectar fro™ floral °r extrafloral nectaries 

"Lr Plant exudates or artificial sugar solutions. 

«. „ oais coding for a transcription factor 
SaEi ^Tr^on of sTamino acids wnicn is homologous to a 
L regioT in the Arabidopsis AGAMOUS protein and 
similar region i ior is called the 

^irrhinum -™ 5o 7 o 7r h e a^noTcids in tnis region 
TuLTe -^1 to tne amino acid composition in tbe 
boxes of AGAMOUS and/or DEFICITS . 

_ „ cpcretorv tissue of plants, 

zzz irrxr-f * r o.^ 

locaueu -u , pynre te nectar, 

flower (extrafloral nectaries) that excrete 

Nectar . sug ar containing fluid that is secreted by necta- 
^ Ne I r can also contain substances like minerals, 
ries. Nectar can ax vola tiles, alkaloids 

amino acids, proteins, organic acids, 

etc - 

Es£9abisat ^ 2£sis: the gene product of a recombinant D HA 

molecule . 

hinant DNA mo lecule: A DNA molecule in which sequences 

pprofflhinant ' . o . av _ b » en placed next to 

i which are not naturally contiguous have b.en p 
each other by in vitro manipulations. 

The DNA region, usually upstream to the coding 

^J 11 : gTl 1- binds « P--- -e direCtS 
^ rnrrect transcriptional start site. 

0 the enzyme to the correct 

Summary of the invention 

^nt-pins for pharmaceutical 
The production of recombinant P^-"^ > faacCerial 

purposes is a growing mar.et ,nt,l production o£ 

r/otir zzz — - - ~ 
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developed. With the availability of efficient transformati- 
on techniques for plants, procedures to use plants for the 
production of proteins are now in progress. In plants, the 
recombinant proteins are targeted to sink organs like 
5 tubers and seeds. A serious draw-back of these production 
methods is that the recombinant protein can only be obtai- 
ned after extended, and therefore expensive, purification 
steps . 

10 The present invention provides a method to produce metab- 
olites, preferably recombinant proteins in honey, which is 
manufactured by insects, preferably honeybees, that collect 
floral nectar of transgenic plants. Harvesting of honey is 
very simple and purification of the protein is very 

15 straight forward and requires no advanced purification 
steps. To give an estimation of the protein yield in a crop 
like rapeseed, we suggest an average protein production of 
2% in honey, as has been found in honey of heather. If one 
hectare of rapeseed yields 100-500 kilo honey in one 

20 season, a yield of 2 to 10 kilo protein can be obtained. In 
addition, the present invention provides a method to 
collect metabolites from honey that is derived from non- 
transgenic plants that secrete these metabolites in nectar. 
An example are secondary metabolites like acetylandromedol ,^ 

2 5 a diterpine compound, that is excreted in nectar of 

Rhododendron arioreum and Rhododendron barha turn and of 
Piptanthus nepalensis (Martini et al . , 1990). 

This invention provides a gene from petunia, NEC1, that is 

3 0 highly expressed in the nectaries of petunia and weakly 

expressed in the stamens. It also provides another gene 
from petunia, FBP15, that encodes a MADS box protein and 
which is specifically expressed in the nectaries of petu- 
nia. Further, it provides the isolated DNA sequences of the 
35 promoters of the NEC1 and the FBP1S genes. Furthermore, 
this invention provides an isolated DNA sequence expressed 
in nectaries encoding a signal peptide that is translation- 
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a t-n a aermin-liks protein (Lane et al . , 1993, 

ally rused to a genu-m ^ . , 

Y _ al 199 5), having the function to target the 

^aris. . This invention gives proof that P»»»-~££ 
nin! sugar solution is elected by honeybees „o produce 

:::: y tLt »as . ^ ^ n ^ 

solution itself, the protein having undergone no ^alitat - 
ve alterations. This invention also proots that a reco* 
„ant orotein can be produced in nectar of transgenic plants 
IS ^at this protein is present in honey produced by 
honeybees that collected this nectar. 

„• i„ this invention provides an isolated DNA 
^que^ch encodes a protein indicated NKd and having 
IZZ no acid seance given in SEQ ID NO: I of the sean- 
ce listing hereafter or homologs of NEC1. A nomolog of NEC1 
Is Predominantly expressed in nectaries and/or has , .t lea t 
^homology with the amino acid ^^^J^ Z 
NOl Further this invention provides an ^ la « d D ^ 
sequence which encodes a protein indicated FBP!5 and having 
sequence iven in sEQ ID NO : 2 of the sequen- 

ce amino a " d Seq ; S r nC or 9 a homolo9 of FBP1S . A nomolog of 
pecXalTy expressed in nectaries and belonging 
Tthe «ADS box family. Furthermore, a nomolog « « 

f h>t has at least 80% homology within the 

T£ slquenle given in SEQ ID NO.. Further this invention 
the characterisation and the isolation of a DNA 
wnlch encodes a signal peptide indicated "CVSP" 
, Kahuna vulgaris signal peptide, , wherein the information 
5 on "nld-Jthe DNA sequence permits, upon -h-™ 
fu sion with a DNA sequence -^ng a = n 
expressed in nectaries, targeting Oi tne p-ote. 

5 The DNA sequences of the invention an also 
sed in that they comprise the NEC1 gene -..a 
having the nucleotide sequences given in SEQ aD NO 



SEQ ID NO: 5 respectively, or a functionally homologous gene 
or an essentially identical nucleotide sequence or part 
thereof or derivatives thereof which are derived from said 
sequences by insertion, deletion or substitution of one or 
5 more nucleotides, said derived nucleotide sequences being 
obtainable by hybridisation with the nucleotide sequences 
given in SEQ ID NO: 4 and 5 respectively. 

Furthermore, the DNA sequences of the invention can also be 
10 characterised in that they comprise signal sequence CVSP 
having the nucleotide sequence given in SEQ ID NO: 6, or an 
essentially identical nucleotide sequence or part thereof 
or derivatives thereof which are derived from said sequen- 
ces by insertion, deletion or substitution of one or more 
15 nucleotides. 

Further, this invention provides an isolated DNA sequence 
from the promoter region upstream of a nectary- specif ic 
expressed sequence, which nectary- specif ic expressed 

20 sequence encodes a protein comprising the amino acid 
sequence given in SEQ ID N0:1, or a homologous protein. 

Furthermore, this invention provides an isolated DNA 
sequence from the promoter region upstream of a nectary- 
specific expressed sequence, which nectary- specif ic expres- 

25 sed sequence encodes a protein comprising the amino acid 
sequence given in SEQ ID NO:2, or a homologous protein. 

in a further aspect, the invention provides a protein 
encoded by any of the above defined DNA sequences. Further, 

3 0 the invention provides processes of producing transgenic 
plants exhibiting excretion of recombinant proteins in 
nectar, the expression of the chimerical genes and the 
targeting of the recombinant proteins being under the 
control of promoter sequences and a signal sequence as 

3 5 described in this invention. Still further, the invention 
provides processes of producing transgenic plants that 
produce recombinant proteins in nectar, the expression of 
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chimerical genes being under the control or promoter 
^ots upstream of other genes that are expressed . 

lories " Still further, the invention provides processes 
"Voicing transgenic plants that produce recombinant 

" P " nectar the expression of these proteins bung 
proteins in nectar t P ^ 

under the control of any signs v . 
targeting of a protein in nectar. 

A1 so the invention provides recombinant double stranded 
^mo^ecules comprising expression cassettes to be used m 
molecules P invention provides transge- 

the above process. Fuitbe', produc ing recombinant 

4~ hacteria, transgenic plants P iw<a 
nlC DaCterl ' also lant cells, tissue culture, 

proteins xn nectar, P f rom gaid transge nic 

nlapt parts or progeny plants derives 

s Finally, the invention provides a process to 
plants. Fina " y ' product s in honey, produced by 

produce recombinant ene enic plants and process 

bees that collect nectar from transgenic p 

this nectar into honey. 
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Brief description of the figures: 

15 , .hows a polyacrylamide gel with PGR products after 

Figure 1 shows a poiy * reactions were 

Display mRNA amplification. ?CR reacu.o 
D Ih the oligo-dT primer T12MG in combination 

performed with the olig P Qn cDNA samples 

•-v, ^ different random primers Apu 
with 5 difrer nf . etaries (two independent samples), 

^-ie-t-ils without nectaries 
30 or pistils wil. s an d a mixture 

nectaries (two independent samples) -es 
of sepals (s), petals (p) and stamens (a), 
depicts the cloned fragment DDIS. 

_ _ f f np Differential Display 
■5 is the DNA sequence or tne u — >- 
35 Figure 2 is tne m that 

RT-PCR clone DDlSa . The primers pra. -22 - P 

^ for 5' RACE PCR reactions are underlined, 
were used ror o 
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Figure 3 is the DNA sequence of clone RC8 , obtained by RACE 
?CR with gene specific primers prat 122 and prat 119 (Fig. 
2) in combination with adapter primers. Primer prat 129 
(underlined) is used in the next step together with primer 
prat 12 2 to amplify the coding region of the NEC1 cDNA. 

Figure 4 is the full length sequence of NEC1 cDNA. The 
translation start (ATG) and translation stop (TAA) are 
depicted bold. 



Figure 5 shows the expression of NEC1 (A) and F3P15 (B) in 
wild type petunia plants (line W115) as determined by 
Northern blot analysis. Blot A contains total RNA, while 
blot B is enriched for mRNA. The tissues are indicated as: 
15 1= leaf, 2= sepal, 3= petal, 4= stamen, 5= pistil, 6 = 
nectary. For blot A the Hindlll/EcoRI fragment of pDD18a 
was used as a probe. For blot B the full length cDNA of 
FBP15 was used as a probe. 

20 Figure 6 Expression of NEC1 by in situ localisation of 
NEC1 transcripts (A) and activity of the NEC1 promoter in 
the nectaries (B) and the stamen (C) as shown by GUS 
expression driven by the NEC1 promoter. The GUS assay used 
for the stamens was incubated overnight without modificati- 

25 ons to prevent diffusion (example 8) . The GUS assay for the 
nectaries was incubated for 5 hrs, using an assay mixture 
to prevent diffusion (example 8) . For in situ localisation 
longitudinal sections of flowers of Petunia hybrida were 
hybridised with digoxigenin-labeled antisense NEC1 RNA 

30 

Figure 7 is the DNA sequence from the promoter region 
upstream of a sequence encoding the NSC1 protein. Underli- 
ned is the translation start of NEC1 cDNA. 

3 5 Figure 8 depicts a schematic presentation of the T - DNA 
region between the borders of the binary vector pBNEPl, 
containing the NEC1 promoter (Figure 7) , the GUS reporter 
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g „ e and the.nos terminator in pBINPLUS. This vector was 
!sed to generate transgenic plants to study the expression 

of the NEC1 promoter. 

Figure 9 shows the SDS-PAGE separation of proteins that are 
LLent in commercial honey samples from dif f erent f ower . 
M , marker, lane 1: wattle bark, lane 2 = f.ower m.xtur-, 
!ane 3, heather, lane 4, clover, lane 5: rapeseed. 

Ficure 10 shows the SDS-PAGE separation of proteins that 
ar present in commercial honey samples of rapeseed <RH2x 
KH1CX) and heather (HH2x, HHlOx, and of nectar samples of 
TJZ ed (KN2X. HN10X, and heather <HN2x H»10x > M- 
molecular weight marker. Two <2x, or ten (lox, .old dxluti 
15 ons were used. 

Figure 11 shows the SDS-PAGE separation of proteins present 
I/ailutions of the sugar/BSA feeding solution (A) and of 
honey from bees that had collected the sugar/BSA so utron 
20 W The dilutions of the sugar/BSA and honey/BSA solution 
20 Z s! same for both gels: 1- IS*, - 30x. 3= .0* *- 7Sx, 
5= 7S x. 6= 90x, 7- 105X. 8- 120X, 9- 13Sx. M- marker 

Fig „ r e 12 shows the sequence homology of the »- terminal 
25 protein sequence of CVH29. a unique prote.n present 
Lather honey and nectar, with a germin-like protein 
from a gene bank homology search (BIASi) . 

Figure 13 shows the deduced D«A sequence of the N -terminal 
,0 protein sequence of CVH29 . The degenerated P"-«» P»; ^ 
and orat 177 are underlined (A) . The DMA sequence o. tn 

ana y^ 1 - nrat 177 perrormed 

PGR oroduct obtained with prat 176 and prat y 

™omic DN^ of heather is shown m B. Th. ge- *y 
on genomxc u-v*. _ o a ppp 

priors prat 207 and prat 206 used to pertorm = SAC- 
,5 reactions on cDHA from heather flowers are underlrnea. 
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Figure 14 shows the DNA sequence of four independent clones 
obtained by 5 'RACE ?CR with prat 207 and prat 206 on cDNA 
of heather flowers. The ATG translation start of the 
putative signal sequence is boxed. The end of the putative 
signal sequence and the start of the mature protein are 
indicated by arrows . 

Figure 15 is the sequence of the synthetically produced 
DNA molecule encoding the signal sequence CVSP (boxed) with 
linkers . 

Figure 16 is the schematic representation of the plasmid 
pCVl. Not all restriction sites are indicated. 

Figure 17 is the schematic representation of the plasmid 
pCV2. Not all restriction sites are indicated. 

Figure 18 is the schematic representation of the plasmid 
pCV3 . Not all restriction sites are indicated. 

Figure 19 is the DNA sequence of the full length cDNA of 
FBP15. The translation start (ATG) and translation stop 
(TAA) are boxed. The MAD-box and K-box region are underli- 
ned . 
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iled description of the invention 



This invention provides processes of producing transgenic 
3 0 plants that produce recombinant proteins in nectaries and 
nectar that is collected by foraging honeybees. This 
invention gives evidence that honeybees process protein 
containing nectar into honey that contains the unaltered 
protein in a concentrated form. Subsequently, the desired 
3 5 protein can be purified from the honey. 
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To express reco^inant proteins in nectaries of transgenic 

l° a lZ' a translational fusion of an isolated DNA sequence 

tZ a Promoter region upstream of a sequence encoding a 

p^.in that is expressed in nectaries with a sequence 

olna th- recombinant protein has to be carriea out. 
encodxng th ^ ^ from & promQter 

Prereraoly, the is Really or 

region is upstream of a sequence that is sp_c_- 

highly expressed in nectaries. 

i-'^r, relates to a DNA sequence isolated from 
The invention relates to 

- , ^ _ -n-rot-ein indicated NECi or a 

Pptunia hybrids that encodes a protein i» 

Petunia Jiy thereof. A homologous protein 

in S*Q ID NO : 1 . The cDNA sequence of the NECI gene xs 
91Ve : in t! g ^ and in SEQ !D NO:4. The deduced amino acid 
gl ven » Fxg^- . n SEQ ID NO;1 . The ueCI 

^ZJs^T^s^ in the nectaries and in a very 
gene sno an ther filaments of Petunia hyhrx- 

localised region of .he MECI predicts . 

" elucidated y et. >ut considering ^ 

I' transgenic plants that ectopically express N,C1 xn the 
Lin role'n sugar metaholism of *BC1 is apparent. 

The present invention also relates to homologous DNA 

The P^ n l be isolaCed from other organisms, 

seauences that can ^ adv 

preferably plants, using standard methods ano already 

P reL _ . atc/^ i npne Mo^-e precisely, it is 

mTa cpnuence of the NECI gene. ii^-<= ^ 

kn ° Wn !Tto use DNA sequences which have a high degree 

also possible to use DNA qu 

of homology to the DNA sequence of .he « g ^ 
are not completely ^en .ca! n ^ P ^ 

r inVe s n 5 and IOC >: is to be preferred. DNA sequences can 

between 85 and 100 erce shown in SEQ ID 

also be used which result from the sequ-n. 

£ Z by insertion, deletion or substitution or one or more 

^eotides This includes naturally occurring variations 

nucleotides mi ,u^ liah ta-aeted mutagenesis or 
or variations introduced through ^.g- 
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recombination. The DNA sequence shown in SEQ ID NO: 4 can 
also be produced by using DNA synthesis techniques. 

The invention also relates to a DNA sequence isolated from 
Petunia hybrids that encodes a MADS box protein indicated 
F3P15 or a homologous protein or part thereof. The cDNA 
sequence of FBP15 is given in SEQ ID NO:5. FBP15 shows 
exclusively expression in the nectaries of Petunia hybrids . 
The function of FBP15 is unknown. 

The present invention also relates to homologous DNA 
sequences that can be isolated from other organisms, 
preferably plants, using standard methods and the already 
known DNA sequence of FBP15 . More precisely, it is also 
possible to use DNA sequences which have a high degree of 
homology to the DNA sequence of FBP15 , but which are not 
completely identical, in the process according to the 
invention. The use of sequences having homologies between 
85 and 100 % is to be preferred- DNA sequences can also be 
used which result from the sequence shown in SEQ ID NO 5 by 
insertion,, deletion or substitution of one or more nucleo- 
tides. This includes naturally occurring variations or 
variations introduced through targeted mutagenesis or 
recombination. The DNA sequence shown in SEQ ID NO : 5 can 
also be produced by using current DNA synthesis techniques. 

Further, this invention provides an isolated DNA sequence 
from the promoter region . upstream of a nectary-specific 
expressed sequence, which nectary-specific expressed 
sequence encodes a protein comprising the amino acid 
sequence given in SEQ ID N0:1, or a homologous protein that 
is* expressed in nectaries. Furthermore, this invention 
provides an isolated DNA sequence from the promoter region 
upstream of an isolated DNA sequence from the promoter 
region upstream of a nectary-specific expressed sequence, 
which nectary specific sequence encodes a protein compri- 
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sing the. amino acid sequence given in SSQ ID NO or a 

homologous protein that is expressed in nectar.es. 

,-ificallv this invention provides an isolated DNA 
re^en^e ,oI t - propter region upstream of a nectary- 
splclfic expressed sequence, which nectary-specif xc expres- 

sed sequence has : 

t a nucleotide sequence given in SEQ ID NO: 4, or 
« a rJcleotide sequence obtainable by hybridisation with 
the nucleotide sequence of (a) or with a fragment of (a) . 

rn a more specific embodiment this invention provides an 
"olatTd ™/ sequence from the promoter region upstream of 
a nectary-specific expressed sequence, obtained rrom a 
Plant of Petunia hybrid*, the sequence consisting essenti- 
ally of the sequence given in SEQ ID NO,7. or a tunctxonal 
fragment thereof having promoter activity. 

In a further aspect, the invention provides an » 
„ re from the promoter region upstream or a nectary 
5 trifle expressed sequence, nectary-specific expres- 

sed sequence has : 

a) a nucleotide sequence given in SEQ ID NO : 5 , or 

a) a nucxe , __ ble bv hybridisation with 

b) a nucleotide sequence obtainable by ny 

5 the nucleotide sequence of (a) or with a rragment of (a) . 

In a more specific embodiment this invention provides an 
"dated DNA sequence from the promoter region upstream or 
a notary-specific expressed sequence, obtained from a 
i T of Petunia hybrida, the sequence consisting essenti- 
30 plant of Petunia ^ or a functional 

ally of the sequence given in SEQ ID 
fragment thereof having promoter activity. 

^ he ^ this invention provides an isolated DNA sequence 

Ja-ae coding region for a signal peptide, wherein 
" Z7Z "a ntntLe! in the DNA sequence permits, upon 
Tan lationai fusion with a DNA sequence encoding a protein 



that is expressed in nectaries, targeting of the protein to 
nectar. More specifically, the DNA sequence comprises the 
nucleotide sequence given in SEQ ID NO : 6 obtained from a 
plant of Calluna vulgaris, or a nucleotide sequence obtai- 
5 nable by hybridisation with the nucleotide sequence given 
i n SEQ ID NO : S . The use of sequences having homologies 
between 95 and 100 % is to be preferred. DNA sequences can 
also be used which result from the sequence shown in SEQ ID 
NO: 6 by insertion, deletion or substitution of one or more 
10 nucleotides. This includes naturally occurring variations 
or variations introduced through targeted mutagenesis or 
recombination. The DNA sequence shown in SEQ ID NO : 6 can 
also be produced by using DNA synthesis techniques. The 
signal peptide CVSP was isolated from nectar of Calluna 
15 vulgaris flowers and from honey processed by honeybees that 
collected the nectar. The function of CVS? in heather 
nectaries is to target the germin-like protein to nectar. 
The DNA sequence CVSP can also be used to target other 
proteins to nectar in plant species. 
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A subject of the present invention is the use of 
DNA sequences for producing recombinant proteins in nectar 
of plants, wherein the protein is produced in nectaries and 
targeted to nectar, and wherein expression in nectaries is 
25 achieved by using a DNA sequence consisting of the promoter 
region upstream of a DNA sequence that is expressed in 
nectaries, and wherein secretion in nectar is achieved by 
using a DNA sequence that encodes a signal sequence that 
targets the recombinant protein to nectar. In a further 
3 0 aspect the present invention relates to processes wherein a 
recombinant protein is expressed in other plant tissues 
than the nectaries and wherein the biochemical composition 
of nectar is changed as a consequence of the recombinant 
gene expression. The present invention also relates to 
35 processes -wherein a recombinant protein is expressed in 
nectaries of a transgenic plant, wherein the biochemical 
composition of nectar or the nectar secretion is changed as 
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a consequence of this protein expression. In particular, xc 
testes to processes where the recombinant protexn is an 
Uym. that "interferes with the sugar metabolism in necta- 



ries . 



vhe production of a recombinant protein xn nectarxes and 
^ctar is achieved by integrating into the genome or 
Tllnts a recombinant double- stranded DNA molecule comprx- 
plants a „,.. et te having the following constxtu- 

sing an expressxon casse.te nov_- y 

10 ents and expressing it: ,„_,.. 

Z a promoter functional in nectarxes or plants, _ 

li, a DNA sequence encoding a protein which is rused 

to the promoter, ^ 

iii, a DNA sequence encoding a signal pept.de tha. 
targets the recombinant protein to nectar, which 
is translationally fused to the DNA sequence enco- 
ding the recombinant protein, and optionally 

iv , a signal sequence functional in plants for the 
transcription termination and polyadenylation or 

2Q . an RNA molecule. 

Such DNA molecules are also subject of the invention The 
"resent invention provides an example of such a D.A »l.cu- 
Il that contains the described expression cassettes xn the 
25 form of plasmid pCV3 <-i 9 . 18). comprises the promo- 

f NEC1 qene from petunia, uhe signal 

ter region of the NE<-± gene r 

.nee CVSP from heather, the coding region of the 

s i, m - «- ~ — , 
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reporter gen ~» nectar ies of plants can be 

promoter that is active xx chosen 
used as promoter. The promoter is to ensure tha. the , chose 
Tene is expressed in nectaries. Also, in principle, ay 
9 * , har taraets the expressed protein uo 

cicmal seauence that targets. - , 

^ftar can-be used as a signal sequence. The signal sequen 
ce is to ensure that the prote n x- 

Furthermore, any sequence the. «™°" invantion . 

protein in nectaries can be used xn .he nv 
Preferably, the subject of this xnventxon re_-.es to 



sequences that encode proteins to be used for pharmaceuti- 
cal purposes. It is also possible to use the invention to 
produce proteins for other purposes, e.g. enzymes for 
biotests or antioxidants for food additives. Furthermore, 
- it is possible to use the invention to produce metabolites 
in nectar that attract predators of pest insects or that 
kill or repel pest insects. In another aspect it is possi- 
ble to use the invention to produce metabolites in nectar 
that modify the attractiveness of the plant for pollinating 
10 insects or improve the health of pollinating insects. 

It is also possible to use DNA sequences that encode 
proteins that modify the nectar composition or the sink 
strength of nectaries. This means that the recombinant 
protein interferes with metabolic pathways in the necta- 
15 ries, resulting in changed levels of compounds that are 
already present in nectar, or the' formation of new com- 
pounds in nectar. 

In addition, the present invention also relates to expres- 
sion cassettes that contain the above mentioned DNA sequen- 
20 ces, except for a signal sequence. The recombinant protein 
is then only expressed in the nectaries, but not targeted 
to the nectar. Consequently, the expression of the recombi- 
nant protein in the nectaries can still affect nectar 
composition . 

25 In a further aspect, the present invention also relates to 
expression cassettes that contain DNA sequences coding for 
a protein that is expressed in other tissues than the 
nectaries. The expression of the recombinant protein 
affects changes in the biochemical composition of nectar or 

30 in nectar secretion. 

Finally, the present invention also relates to non-transge- 
nic plants that produce metabolites in nectar that can be 
harvested and purified from honey that is produced by 
honeybees that collect this nectar. Examples for these 

35 metabolites are alkaloids, terpines, amino acids, proteins, 
pigments and volatiles. 
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A o^-efe-rsd embodiment of the process discussed above 
o^des that the expression cassette is transformed to a 
Pla- species that produces nectar. Preferably, the recom- 
binant protein is produced in nectar of plants that are 
v< sited" bv honeybees that collect the nectar. Honeybees 
collect floral as well as extrafloral nectar. The present 
invention relates to plants that produce recombinant 
proteins in floral or extrafloral nectar. In addition, the 
Present invention also relates to plants that produce 
Recombinant proteins in other plant organs, said plant 
Organs producing an exudate that is collected by -sects, 
0 4*erably bees, and processed into honey. A particularly 
deferred embodiment of the present invention are plants 
" t ha; can be grown under controlled conditions. Controlled 
conditions are greenhouses or field facilities where 
transgenic plants can be grown according to the sarety 
rules that are required. Preferably, the controlled condi- 
tions are such that bee colonies that perform normal 
foraging behaviour can be maintained in the same compart - 
m ent during the flowering period. Preferred plants origina- 
from the Brassicaceae family, in particular Brassy 



te 
napus 
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Examples 

Example 1 : 

Cloning of NEC1 

The NECI cDNA was isolated using the o*NA Differe ntial 
Display system (Genhunter Corporation, Brooklxne USA) . The 
isolation of total RNA from nectaries, sepals, petals, 
stamens and pistils from open flowers and from young leaves 
of Petunia hytrida was done according to Verwoerd e. al . 
{19B9 ) Two independent RNA isolations were performea on 
nectaries as well as on pistils. * DNase treatment was 
carried out on each RNA sample, using the RNA M..^eCl.an 
Kit (Genhunter Corporation Brookline USA , cat. No. M.Ox) . A 
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reverse transcription reaction was carried out on 0.1 ng 
KNA of each sample, using the oligo-dT primer T12MG from 
the Genhunter Kit. Following the protocol, PGR reactions 
were carried out using the arbritary primers AP11-AP15 in 
combination with primer T12MG from the Kit. The PCR pro- 
ducts were loaded on a sequencing gel and after electropho- 
resis the gel was blotted on 3M paper, dried and exposed to 
X-ray film (Figure 1) . Two adjacent nectary- specif ic bands 
were" cut out from the blot and the DNA was purified accor- 
ding to the manual. Reamplif ication of the fragment was 
carried out using the oligo-dT primer T12MG and the arbri- 
tary primer AP15. After electrophoresis, the PCR product 
was extracted from the agarose gel by freezing the isolated 
fragment in liquid nitrogen, followed by centrif ugation . 
DNA was precipitated by adding 1/10 volume 1% HAc , 0 . 1M 
MgCl 2 and 2.5 volume of 96% ethanol to the supernatant. The 
pellet was dissolved in 10 pi TE buffer. The fragment, now 
called DDI 8a , was cloned into a PMOSBlue T-vector (RPN 
1719, Amersham Little Chalfont UK) giving the vector 
pDD18a. 

The nucleotide sequence of this 3' cDNA clone was determi- 
ned by the dideoxynucleotide chain termination method (ABI 
PRISM™ Ready Reaction DyeDeoxy™ Terminator Cycle Sequen- 
cing Kit, P/N 402078, Perkin Elmer) and is shown in Figure 
2. The DNA fragment has a length of 460 nucleotides. The 
missing 5' part of the cDNA was isolated using the Marathon 
TM cDNA Amplification Kit of Clontech (catalog K1802-1) and 
following the procedure as described in the manual. Brief- 
ly, Poly A+ RNA was isolated from nectaries of Petunia 
hybrid* flowers. After double stranded cDNA synthesis, 
adapters were ligated and a 5' RACE reaction was carried out 
using the adapter primer API supplied in the kit and a 
gene-specific primer prat 122. The nucleotide sequence of 
prat 122 is: 5' -gtgggaaggctatgctacaagc-3' (Figure 2). The 
PCR product was diluted lOx and 1 nl was used in a second 
5' RACE reaction with the nested adapter primer supplied by 
the kit (AP2) and the nested gene-specific primer prat 119 
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,. iou „ 2 , The nucleotide sequence or prat 119 is: S'- 
c«c«ca t gga=t g caat g c g -'3 . After gel eiectrophoreses a 
™nt of ±850 b P was obtained that hybricised w lt h 
;i:r D Diea. The fragment, now called *C8, was extracted 
ftl the 9 el. purified and cloned into a PMOSBlue T- vector 

' d=scr<bed above. The sequence is shown xn F.gure 3 The 
Hl'^i Overlapping, sequences of clones DDI 8 a and RCS 
arf shown in Figure 4, comprising the full length =D« A of . 

"e called SZC! hereafter. The NEC1 clone has a length of 
TZ "c -tides and encodes for a polypeptide of 2SS a^c 
residues. Based on the Reduce ^ 

r^TS^ n^;«nt in ~- 

respectively ^ , • 1991, Genetics 

cAos/ r G J" wi ™ us :r: s y ::: s ttat - ^ 

six evenly spaced hydrophobic loops that traverse the cell 
V ^ in addition, a signal sequence is predicted at 
"er.inus while the C-terminus is highly hydrophilic^ 
Highest Oology with MtNB is found in the N ;t e rml na 
Highest a metnbra ne - spanning loops and 

signal sequence, the fxrst t C - terminal 

t-v^ last two membrane -spanning loops. Tne 

! ^ nart shows the lowest homology (28% identity, 
hydrophilic part shows tne 

30% similarity). The function or NEC1 nas nou y 
determined. 
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Example 2 : 
Cloning of FBP15 



cetunia MADS bo. cDN'A clones were isolated «« a cON* 
^.-y nade fro. nectaries of Petunia hybnoa tlower=. Tne 
c ^library was constructed using the la^da SXP c o ^ 
vector (Stratagene, i,a oolla USA, ca-a.og 
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200402) . The library was screened under low stringency 
hybridisation conditions with a mixed probe comprising the 
MADS box regions of Floral binding protein gene F3P2 , FBP6 
and pMADS3 (Angenent et al . , 1993, 1994, Tsuchimoto 1993). 
5 The hybridizing phage plaques were purified using standard 
techniques. Using the in vivo excision method, E.coli 
clones which contain a double -stranded Bluescript SK- 
olasmid with the cDNA insertion between the EcoRI and Xhol 
cleavage site of he polylinker were generated. Cross - 
10 hybridisation of the purified clones revealed 3 independent 
clones that did not cross hybridise with previously isola- 
ted FBP cDNA's and which were designated FBP15 , FBP16 and 
FBP17. The nucleotide sequence of FBP 15 was determined by 
the dideoxynucleotide -mediated chain termination method and 
15 is depicted in SEQ ID NO : 5 . The FBP15 cDNA clone has a 
length of 1157 nucleotides and encodes a peptide of 222 
amino acid residues. All characteristics of a MADS box 
protein are present in FBP15 : a N-terminal located MADS box 
region which shows a high degree of similarity with other 
20 MADS box proteins, and a K-box in the middle of the protein 
with an alpha helical structure. FBP15 is most similar to 
the tobacco MADS box protein NAG1, which is an Agamous 
homolog and expressed in whorl 3 and 4 (Huang et al . , 1996, 
Mizukami et al - , 1996) . 

25 

Example 3 : 
Expression of FBP15 

Expression of FBP15 was determined by standard Northern 
30 blot hybridisation experiments. A DNA fragment comprising 
the complete cDNA of FBP15 was used as a probe. High 
stringency hybridisation and washing conditions were used. 
Using 10 ng of total RNA from various petunia tissues, 
expression of FBP15 was only detectable in nectaries. Using 
35 10 v<3 of mRNA from various tissues, prepared by using the 
kit and protocol of the Quickprep Micro mRNA Purification 
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*t (Pharmacia Biotech), expression of FBP1S was only 
detectable in nectaries as shown in Figure SB. 
The expression in the ovary and nectaries was determined oy 
in situ hybridisation using a DIG labelled antisense SHU 
- "obe corresponding to the full length cDNA or FBP15 . In 
' l~£Z antisense RNA transcripts were made using T7 

polymerase. A standard protocol for in situ hybridisation 
Tasked as described by Canas et al . . 1994. A 
signal was observed evenly strong in all cells or the 
10 nectary tissue. 
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Example 4: 
15 Expression of NEC1 

The RNA expression of Od was determined by standard 
Northern blot hybridisation experiments. A fragment 
com^ising the complete seguence of the Deferential 
-0 Disomy =l°ne (Figure 2, was used as a probe. Using 

" 0 % of "tal RNA from various petunia tissues, strong 
expression of NSCI was detectable in nectaries and weak 

1 in anthers. Bo expression was detectable in 
expression m ancneib L * . 

other floral organs, in leaves or in roots (Figure SA) 
T L expression in the ovary and nectaries was determined by 
In situ hybridisation using a DIG labelled antisense RNA 
^ corresponding to the nucleotides ,9 to ,03. o* «EC 
cDNA comprising the coding region and part or the 
translated region. A clone containing this se q uence was 
obtained by PC* on adapter-ligated cDNA, using, two gene- 
spec* fio primers prat 122 and prat 129 (Figure 4) Th. 
sp - -,-,-> ic! . 5' -qtqqqaaggctatgctaca- 

nucleotide sequence or prat 122 is. = 9^333 3. * 

• • -ho nucleotides 1015 to 1036 or the 
agc-3'"/ comorising the nucieocia-s. 

NE C1 cDNA- The nucleotide sequence of prat 129 is: 5 - 

_ •*» romorisinq the nucleoti- 

■ r1 nT-r"^^^ agtqa - q - 3 ' compr-sing _ 
- -h- wpci cDNA The oene-speciric region oi. 
des 79 to 100 or the NECi cuina. -i— ^ - 

r ,, oy . 1Hpd The orimer contains an ex>.ra 
the primers is underlined, ine t> 
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BamHI and Ncol site at the 5 'end. A PCR fragment of 958 
nucleotides was obtained and cloned into a PMOSBlue vector. 
The fragment was subcloned in a vector containing the T7 
promoter and in vitro antisense RNA transcripts were made 
using T7 RNA polymerase. A standard protocol for in situ 
hybridisation was used as described by Canas et al . , 1994. 
Strong hybridizing signals were observed in the outer cell 
layers of the nectaries (Figure 6A) 
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Example 5 : 

Isolation of NEC1 promoter fragment 

The promoter fragment of NEC1 was cloned using the genome 
walker protocol (PT3042-1) and kit as provided by Clontech 
Laboraties. Briefly, genomic DNA from Petunia hybrid* was 
digested with 5 different blunt cutting restriction enzy- 
mes. GenomeWalker adapters were ligated and PCR reactions 
were carried out on each GenomeWalker "library" with a gene 
specific, reversed primer prat 148 and the adapter primer 
from the kit (API) . The nucleotide sequence of prat 148 is: 
5' -ccaagaaggccaaatatgaaagac-3' comprising the nucleotides 
105 to 128 of the NEC1 cDNA (Figure 4) . PCR products were 
subjected to a second round of PCR, using the nested 
adapter primer AP2 and the nested gene specific, reversed 
primer prat 149. The nucleotide sequence of prat 149 is: 
S'-aagtcatcagcacgtaattgcgcc-3' , comprising the nucleotides 
81 to 104 of the NEC1 cDNA. From the second PCR a 2 kb 
fragment was isolated from the SCul library, which was 
cloned in the PMOSBlue T- vector, yielding the construct 
pMAS-10. Figure 7 (SSQ ID NO: 7) shows the DMA sequence of 
the MEC1 promoter in the construct pMAS-10, including the 
translation start of N3C1 cDNA. 
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Example 6 : 

construction of NEC1 promoter-GUS 

R PC R action was performed on PMA5-10 (example 5, . using 
the "forward vector primer 019 of pMOSBlue and the gene- 
specific primer prat 169. The nucleotide sequence of prat 

"^gctgcagcgccBtsatatttttr^ra^ qcccc-B- . The gene-speci- 
Lc 4ion is underlined. The primer contains an Nco and 
tlu "restriction site at the 3- end. The PCS product was 
!^L-d with Kpn! and Ncol and ligated into a pBluescr.pt- 

f ved vector (PM04) that contains the NTM19 promoter 
derived vector CP ^ ^ ^ d the nos 

(Custers et al . , 19* n, , r .™, t „ as 



15 



20 



25 



• „„r The KpnI/Ncol NTM19 promoter fragment 
.erm.nator. The P ^.^^^ tran slational 

rus ol The Suiting plasmid pNEPl was digested with SmaX 

Z "lease the NEC1 promoter/ GtfS/nos fragment 

to release derivative of the bmary 

T'T pb™ 3-1 193,, yielding the binary plasmid 
(fC B> • PB— - introduced into ^bacterium 
en! strain « CMp».0 * -J^~~ 



pnasmid DNA from the Agrobacterium transformants 
Isolated and the structure of the binary vector was va- 
ried by restriction analysis and PCR. 

Example 7 : 

Generation of transgenic Petunia plants 

st . rain L BAA404 transformants were used to 

Horsch et Dlants were transferred to sozl 

kanamycin selection media, plants w.r 

in the greenhouse. 



Example 8 : 

Histochemical GUS assay 



Different plant parts of Kanamycin- resist ant plants trans- 
formed with the pBNSPl construct were analysed for the 
distribution of /J-glucuronidase activity (GUS) using the 
method described by (Jefferson et al . , 1987). In transgenic 
plants with high expression levels diffusion of reaction 
products to other tissues was observed. To avoid this 
spreading a modified GUS assay was used. Briefly, tissues 
were pre-treated with 90% cold acetone at -20°C for 1 h, 
then rinsed three times 20' with 100 mM phosphate buffer 
containing 1 mM potassium f erricyanide . After this treat- 
ment the standard GUS assay was performed with the modifi- 
cation that f erricyanide was excluded from the reaction 
mixture . 



20 



25 



30 



Example 9 : 

Results histochemical GUS assay 

In very young flowers <<1,4 cm) no blue staining was 
observed, in flowers of 2-4 cm weak blue staining of the 
nectaries was observed. In flowers of (4-6 cm) strong blue 
staining was observed in the nectaries (figure SB) and in a 
very restricted region of the upper part of the anther 
filaments (Figure 6C) . GUS expression was highest in the 
outer cell layers of the nectary parenchyma. In cross 
sections of the anther filaments GUS expression was obser- 
ved in all cells except in the xylem of the inner vascular 
bundle . 



Example 10 : 

Protein analysis of heather honey and nectar 



35 Samoles of pure heather honey, together with samples or 
rapeseed, clover, wattle bark and lavender honey were di- 
luted, dialysed and loaded on a 12% SDS page gel (Laemmli, 
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,o,0) ^ SamPleS Sh °" ed S8Veral identiCal 

nllu.a. we^ht" protein bands. Heather honey contained 2 
molecular -—9 kDa (Figur a 9). Tne 

-i:: jre^iTcU; - ««* ^ ~~ «« 

pr oterns were „ the orig in or the proteins, 

vulgaris honey) . To a eeQ £nd heather were 

nectar and honey " gel . The high molecu- 

, loaded on a 12* SDS page 

- rc^T^re^^-nrcteins are added by 

i„ heather honey and heather n_ctar, 
are present m heather conc luded that CVH29 
nectar of rapeseed. of heacher an d can be 

^ CVH d <~ h S o S n C e r y: rived Tro, this nectar. The protein 

— we tested «— 

0.5%. 



Example lis ^ a i vsis of CVH2 9 and CVHSO 

20 N-tertninal sequence analyses o_ 

_ _ C nc DAGE ael and after 
Honey » : ■ on a - ^ ^ ^ 

electrophoreses the ^el ^ ^ ^ from 

After staining the CVH29 ana De -formed on both 

the blot and N -ter„inal sequencing wa ^^^^ 
pr oteins. The N-ter m inal sequence ot 

LPDGPAGYSCTEPSTVTSQDF . The ^^^J^" 0 ' gene ba n,c 
Arabidopsis (Figure 12) - 
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Example 12 : 

Identification signal sequence of CVK29 

Because the germin-like protein CVH29 is excreted in 
heather nectar it was expected that part of the cDNA 
encodes a signal sequence. Based on the N- terminal amino 
acid sequence, degenerated primers were designed. The 
s-qu-nce of the forward primer prat 176 is: 5'-gayttyt- 
gygtngcngaycc-3' (y= c or t , n- c , t , a or g) . The sequence 
of the reversed primer prat 177 is: ccrtgraanacraartcrtc 
(r= g or a) - A PCR reaction performed on genomic DNA of 
heather yielded a 99 bp DNA fragment. The fragment was 
seauenced and two reversed, gene-specific 5' primers were 
designed to clone the 5' cDNA by "Marathon cDNA racing- 
using the kit and protocol of Clontech laboratories (proto- 
col PT1115-1, Clontech Palo Alto USA) . The sequence of 
gene-specific primer prat 207 that was used is: 5'- 
ggtgactttagagggctccttgc-3', the sequence of gene-specinc 
rested Drimer prat 2 06 is: 

5'-gctccttgcaggagtagcctgc-3' {Figure 13). RNA was isolated 
from open flowers of heather and mRNA was prepared using 
the Pharmacia quickprep micro mRNA kit. After cBNA synthe- 
sis and adapter ligation a PCR reaction was performed, 
using the adapter primer API and the gene-specific primer 
prat 207. The PCR product was used for a second PCR, using 
adapter primer AP2 and the nested gene-specific primer prat 
206 A single fragment of around 300 nucleotides was 
obtained and cloned in a PMOSBlue T- vector. Four clones 
were sequenced. Figure 14 shows that three clones were 
identical and one clone had two different nucleotides m 
the untranslated 5' region. A putative signal sequence or 
17 amino acids was identified between the ATG start codon 
a-d the Hrst codon of the mature protein CVK29 that was 
identical in all four clones. The nucleotide . sequence or 

the putative signal sequence (SEQ ID NO: 6) is: 
5»-atgtttcttccaattctcttcaccatttccctcctcttctcctcctcccatgct- 

3' - 
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Example 13 : 

Construction of an expression cassette for excretion of 

proteins in nectar 

To clone the NEC1 promoter into a PMOSBlue vector a PCR 
Reaction was carried out on pMA5-10 (example 5) using the 
forward primer prat 247 and the reversed primer prat 248 
(Fig 7) - P* at 247 contains an extra Pstl restriction site. 
The Ndel restriction site of prat 24 8 coincides with the 
ATG translation start of NEC1. The nucleotide sequence of 
prat 2*7 is: 5 ' -ggctgcaggaqtgttctttaataqaatq-,3 ' , the 
"nucleotide sequence of prat 248 is: 5'-cgcca- 
nrr ^^^ a t a o a aocccc-3' ■ Gene-specific regions are 
underlined. A 1/8 kb promoter fragment was obtained and 
cloned into a pMOSBlue vector, yielding the plasmid pNECP. 



A DNA molecule encoding the signal sequence CVSP as depic- 
ted in SEQ ID NO: 6 was produced by synthesis and subsequent 
annealing of two oligo molecules prat 245 and prat 246. The 
sequence of prat 245 is: 5 > t atgtt.ccttcr^rrct r rr.cactatttct- 
^>-rr nt^tct t-rM-.riteatoet tctqttcttgatttc' 3 , the sequence of 
prat 2*6 is: 5 ' gatccgaaatcaagaacaga *qc.ataaqaaqa*qaqaaaaqaa- 
; rJ ^ aa ra a a ? - a ^^ a aaaaaaaca- 3 . The region encoding the 
signal sequence CVSP is underlined. To ensure correct 
cleavage of the signal peptide, the linkers were extended 
with the coding region for the first five amino acids of 
the mature germin-like protein (Fig. 13). The codon usage 
of the signal peptide sequence was optimised for Arabidop- 
sis By addition of a BamHI restriction site at the 3' end, 
3 0 2 extra amino acids were linked in frame to the mature 
orotein. The resulting DNA molecule is shown in Figure 1=.- 
The fragment was ligated into a Ndel/3amHl cut PMOSBlue 
vector, yielding the plasmid pCVSP. 

, 5 oNSC? was digested with Ndel and Pstl co release the NEC1 
Promoter fragment which was cloned into the Pstl/Ndel cut 



pCVSP, yielding the plasmid pCVl . A schematic representati- 
on of pCVl is given in Figure 16. 

A 2'5C bp long fragment containing the NOS terminator 
5 sequence (NOST) was obtained by PCR, using the forward 
primer prat 2 51 and the reversed primer prat 252 on DNA of 
pRAP 33, which is a pUC 19 derived plasmid. Prat 251 adds a 
Sad and Xhol site, prat 2 52 adds a Smal and EcoRI site. 
The sequence of prat 251 is: 5 ' -gggagctcgag tcqttcaaa- 

10 ~t-n- qaraataaag -3' . The sequence of prat 252 is: 5'-cgaatt- 
rrrl -- n ^^t- aa ,~ a ^ a ^oacac-3' . The NOST-specif ic regions 
are underlined. The PCR product was cloned into pCR-Script w 
Amp SKU) Cloning Kit (Catalog 21188-21190, Stratagene La 
Jolla USA), yielding the plasmid pCR-NOST. P CR-NOST was 

15 digested with Sacl and EcoRI and the resulting fragment was 
cloned into the pUC 19 (ClonTech) , derived plasmid pUCAP 
yielding the plasmid pCVNOS . 

The plasmid pGUSN3 58 was purchased from Clontech (catalog 
6030-1) containing the reporter gene GUS in pUC 119, 
modified to destroy the N-linked glycosylation site within 
the 1.814 Kb GUS coding sequence . A PCR reaction was 
carried out with gene-specific primers prat 249 and prat 
250, yielding a fragment that contains the GUS gene coding 
region and a BamHI restriction site at the 5 ' end and a Sacl 
restriction site at the 3 'end. The sequence of prat 249 is: 
g , . The sequence of prat 

250 is: - gaa ^^rrr a rr aaaa ctQtaq-3' . The GUS specific 
regions are underlined. Subsequently, the PCR fragment was 
digested with BamHI and Sacl and ligated into the BamHl/Sa- 
cl cut plasmid pCVNOS, yielding the plasmid pCV2 . A schema - 
recresentation of pCV2 is given in Figure 17. 
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pCVl is digested with PstI and BamHI and the resulting 
35 fragment is cloned into the Pstl/BamHI cut plasmid pCV2 , 
yielding the plasmid pCV3 . A schematic representation of 
oCV3 is'oiven in Figure IS. ?CV3 is digested with AscI and 
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Smar and the resulting fragment is cloned into a derivati- 
ve of the binary plasmid pBIN, yielding the binary plasmxd 
D BCV3 P3CV3 was transferred from Escherichia cola to the 
^cteriu. tu.efaciens strain LBA4404 and CS8pMP90 by 
5 electroporation. The transformed Agrobacterium straxn was 
used to transform Arabidopsis and petunia. 



Example 14: 

Protein production in nectar 



10 



using the COS reporter gene. GUS activity in nectar or 
transaenic plants was measured according to the method as 
descried by Jefferson et .1.. (1»7) . Briefly the assay 
was carried out by measuring the amount o£ metnyl umbelli- 
ferone <HU> produced by GUS f luorometrically by emission of 
lioht of 455 nm. The absolute emission was corrected for 
artificial quenching using an internal standard of InN HO 
(Angenent et al . , 1993). 

20 Example 15: 

Feeding experiments with honeybees 

in September 1996 a beehive located outside was supplied 
with a 25% sucrose solution supplemented with 2* BSA 
25 (bovine serum albumin) . After 3 weeks the bees had consumed 
15 i itters of the feeding solution and honey was harvested 
from the hive. Although the flowering season had mostly 
past, bees still foraged on flowers to collect nectar 
Ltside. Therefore, the honey produced during this period 
30 is derived from a mixture of the feeding solution and 
nectar from flowers. An SDS page protein gel was xoadea 
with dialysed honey samples and sugar/BSA solutions. Figure 
nn shows that the protein band of BSA was present m all 
l' he samples tested and no qualitative changes were observeo 
3= in the honey samples compared to the sugar/BSA solutions. 
The BSA concentration in honey was 1.5 times higher tnan m 
the feeding samples, demonstrating that protein is concen- 
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trated in honey. Honeybees that foraged on the sugar/BSA 
solution did not show any aberrant behaviour and the colony 
developed normally. 

5 Example 16 : 

Process of honey production from transgenic plants 

Twohundred and fifty transgenic plants that each produce 
i o recombinant protein in nectar were grown in a greenhouse of 
25 square meters. The facilities were adjusted according to 
the safety rules according to European law, including 
safety measures to prevent in- or outflow of insects. A 
beehive adjusted for small populations, containing around 

15 200 worker honeybees and a queen, was placed in the green- 
house when the plants were flowering. When a queen is 
present, she will start laying eggs and larvae will come 
out The presence of brood stimulates the bees to collect 
nectar and process it into honey. After 2-3 weeks bees 

20 processed the nectar into honey and stored in sealed cells 
of the honeycomb. Under the described conditions the amount 
of honev that can be harvested is 250-1000 grams. 



Example 17 : 
25 Ablation of nectaries 

By introducing the highly sensitive Rnase BARNASE in plant 
cells, under the control of a tissue-specific promoter, 
cell ablation can be achieved in very specific tissues or 

30 organs. Ablation of nectaries can be applied to decrease 
the attractiveness of plants for pest insects that forage 
on the nectar that is secreted by nectaries. In addition, 
olants without nectaries can be obtained thac are more 
resistant to bacterial and fungal infections. An example is 

35 given for the ablation of nectary tissue by expressing 
bacterial BARNASE in nectaries, using the MEC1 promoter. 
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t c\ rt-ia=sced with Kr>nl and 

T^asmid DNA of pNE?l (example 6) wa= d-g-s.eo 

to release the 1800 bp NBC1 promoter rragment. ihe 
Ncol to relea=- 1Ha , t ed Into a PWP90 derived 

m ,-ri f led promoter fragment was ligated --.-o a p 
purrr^d p BAEimsE -BARSTAR bacterial operon 

vector, upstream o con tains a 3 BSCaMV 

construct JHartley^ cauliflower mosaic virus ter.1- 

seance downstream of the BARNASE - BARSTAR operon. 
nator pWpl26 „ as digested with Kpnl/ xhol 

^ 'Teas ^ ^ ^Cl-promoter/BARNASE-BARST^/camVpolyA 
to release tne f p B TN-derived 

er agment and this fragment was V ran sf erred 

tjBTN Plus. The recombinant vector w=t 
ZiLcterium tumefaciens (LBA4404, to petunia vanety 
via Agrobaccerium selected v/ith flowers 

WHS. Transgenic petunia plants were selected 
without nectaries or underdeveloped nectaries. 

• ^ • _ h u ?n C an be concluded 
Many promoters are less specie - 
b ased on promoter/GUS expression « ^ _ 

w ..rial BARNASE is highly cytotoxic at very low 
bacterial BARNA other plant tissues 

tr ations it can . b e J gene unde r the 

by expression of a ^ „ (e . g . N0S prom o- 

C ° n rt a tissue-specific promoter that is not active in 
The tissues where cell ablation is to be achieved <Mariam 
et al., 1992, Beals et al . , 1997) . 
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Example 18 : 

Ectopic nectary development 

^ me^stera and floral organ 

— box genes regula^ floral ^ ^ _ ^ 



identity. Ectopic expi 
the developmental fate 
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loral organs o 



nic p 



petunia plants ectopically expressing 



r cells. Transge- 
FBP11 , an ovule - 
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specific MADS box gene, develop ovule-like structures on 
sepals and petals ( Colombo et al . , 1995). FBP15 is 'a 
nectary-specific MADS box gene, involved in the molecular 
regulation of nectary development. In petunia nectaries 
develop at the base of the carpel. Ectopic expression of 
F3P15 in petunia may result in the development of nectaries 
on other organs of the flower or on vegetative parts of the 
plant. An example is given of a gene construct that, when 
"transformed to a plant, results in ectopic expression of 
FBP15. 

FBP15 was amplified. using a 5' primer that hybridises with 
FBP15 sequences just upstream of the ATG translation start 
site and a 3' primer that hybridises with FBP15 sequences 
just downstream the translation stop site. The 5 ' primer 
contains a Ncol recognition site, the 3 'primer contains a 
BamHI recognition site. After the sequence was confirmed, 
the amplified FBP15 fragment was inserted as a BamHI /Ncol 
fragment into the binary vector P CP031. This binary vector 
was derived from pPCV708, as described by Florack et al . 
(1994), and contains three expression cassettes with a 
multiple cloning site between the left and right T-DNA 
borders. The cDNA was cloned in sense orientation between a 
modified CaMV 35S promoter and the nopal ine synthase 
terminator sequence. The chimerical gene construct was 
transferred via Agrobacterium GV3101 to petunia variety 
W115, using the transformation method as described in 
example 7. Transgenic petunia plants were selected that 
show ectopic nectary development . 

Example 19 : 

Modification of sugar composition and nectar secretion 

Although sugar content of nectar from different petunia 
35 W115 flowers shows some variation, the ratio between 
hexoses and sucrose is very stable. Down- regulation or up- 
regulation of genes involved in the establishment of the 
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rat ^o between hexoses and sucrose in nectar will therefore 
^odsxy nectar composition. An example is given for anti- 
sense expression of a petunia-derived invertase gene. 

PGR orders were designed that hybridise with the cDNA of 
an invertase gene cloned from Solanum tuberosum. The 5' 
primer 5 ' - AAGGACTTTAGAGAGACCCGACCACTGCTGG - 3 ' and the 3' 
prime- 5 ' -AAATGTCTTTGATGCATAATATTTCCCATAATC-3 ' were used 
for a PCR reaction on genomic DNA of petunia to yield a 
f moment of around 420 bp. The fragment was sequenced and 
cloned into a pMOSBlue vector to used as a probe to screen 
a petunia nectary-specific cDNA library. Hybridizing phage 
piaaues were purified and cDNAs were retrieved by in vivo 
excision as described in example 2. The expression of the 
15 cDNA's was determined by Northern blotting as described m 
examole 3 and the sequence of a nectary- specific invertase 
was determined as described in example 2 . The invertase 
oene was amplified using a 5' primer that hybridises with 
sequences just upstream of the ATG translation start site 
,0 and a 3' primer that hybridises with sequences just down- 
~ stream of the translation stop site. Extra restriction 
enzyme recognition sites were generated to allow cloning o, 
the" CDNA in sense (overexpression) or antisense direction 
into the binary vector pCP031 as described in example 18. 
The chimerical gene constructs are transferred via Agrobac- « 
terium GV3101 to petunia variety W115. using the transa- 
ction method as described in example 7 . Transgenic petunia 
plants were selected that exhibit modified sugar composite 
on in nectar. 
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Example 2 0 

Modification of plant development 



A 



DNA which is the NEC1 gene or a homologous gene is 
introduced into a plant cell, the said DNA being induced 
bv promoter elements controlling the expression of^ the 
introduced DNA in such a way that transcription proauces 



sense RNA. Plants were regenerated from the transgenic 
cells as described in example 7. Plants that ectopically 
express the NEC1 gene exhibited modified leaf morphology 
and modified sugar composition. Furthermore, plants that 
ectopically express the NEC1 gene showed a delay in flowe- 
rinq time. 
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Sequences : 

SSQ ID N0:1 amino acid sequence NEC1 

1 MAQLRADDLS F I FGLLGNI V SFMVFLAPVP TFYKI YKRKS SEGYQAI ?YM 
51 VALFSAGLLL YYAYLRKNAY LIVSINGFGC AIELTYISLF LFYAPRKSKI 
101 FTGWLMLLEL GALGMVMP I T YLLAEGSHRV MIVGWICAAI NVAVFAAPLS 

.0 151 IMRQVIKTKS VEFMPFTLSL FLTLCATMWF FYGFFKKDFY IAFPNILGFL 

2 01 FGIVQMLLYF VYKDSKRIDD EKSDPVREAT KSKEGVEIII NIEDDNSDNA 
2 51 LQSMEKDFSR L.RTSK 
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SEQ ID No: 2 amino acid sequence of FBP15 
Met Gly Arg Qly Lys He Glu He Lys Arg He Glu Asn Thr Thr Asn : 
Arg Gin Val Thr Phe Cys Lys Arg Arg Asn Gly Leu Leu Lys Lys Ala 

Tyr Glu Leu Ser Val Leu Cys Asp Ala Glu Val Ala Leu He Val Phe 

35 40 
Ser Ser Arg Gly Arg Leu Tyr Glu Tyr Ala Asn Asn Ser Val Lys Ala 
50 55 
i Thr lie Asp Arg Tyr Lys Lys Ala Ser Ser Asp Ser Ser Asn Thr Gly 
65 70 
Ser Thr Ser Glu Ala Asn Thr Gin Phe Tyr Gin Gin Glu Ala Ala Lys 
8 5 

L eu Arg Val Gin He Gly Asn Leu Gin Asn Ser Asn Arg Asn Met Leu 
100 105 

Gly Glu Ser Leu Ser Ser Leu Thr Ala Lys Asp Leu Lys Gly Leu Glu 

* 115 120 l-" 

Thr Lys Leu Glu Lys Gly lie Ser Arg He Arg Ser Lys Lys Asn Glu 



130 I 35 



Leu Leu Phe Ala Glu lie Glu Tyr Met Arg Lys Arg Glu He Asp Leu 



150 



145 

His Asn Asn Asn Gin Met Leu Arg Ala Lys He Ala Glu Ser Glu Arg 
165 170 

Asn Val Asn Met Met Gly Gly Glu Phe Glu Leu Met Gin Ser His Pro 

180 185 
Tyr Asp Pro Arg Asp Phe Phe Gin Val Asn Gly Leu Gin His Asn His 

Gin Tyr Pro Arg Gin Asp Asn Met Ala Leu Gin Leu Val 
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SEQ ID NO: 4 Nucleotide sequence NEC! 

^„ ^rArv^TTfjX CCACTTGAAC 
TCGV3CGGCC GCCCGGGCAG GTATTCAACA AGAciai 





51 






101 


ACTTGTCTTT < 


10 


151 


TTCCTAGCAC 




201 


AGAAGGATAT 


15 


251 


TATTGCTATA 




301 


ATTAATGGCT 




351 


CTTTTACGCG 


20 


401 


TAGAATTGGG 




451 


GAAGGCTCAC 


25 


501 


TGTTGCTGTC 



701 
35 7S1 



551 „ ZZrr, c-— — 

6si ™— — — 

CCTGTTCGAG AAGCTACAAA 

l„ GA^CG ATAACGCATT GCAGTCCATG GAG = 
TTTCCAGACT GCGGACATCA AAATAAGCAA GAAGATOA.C „^M« 
AAAGCTAAGG AG^GAAOT AAGGCAAGGA AC^GACAC GAA.A ™ 
„ GCTAATTAGC AAGACTTTAG CAGCTTGTAA TATTTAGTGT 
1001 TTACCTTATA ATTAGCTTGT AGCA.AGCC T=CCAC T - 
, 0S1 AGCGAATCTT ATATATGGGA AATACTTACA CTAGTA i GCA 
1101 ACATGTTTGG cacttgacta TACATAGAAA AA^ACAAG CM^»C 
50 11S1 CTCAATTTGT CACTTACTTA TAAGTAGCTG AATAATATAA 1GCAA.T1TC 
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901 
951 



1201 ACCCC 
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SEQ ID NO: 5 Nucleotide sequence F3P15 
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1 TCTGAATACAAGCTGTGTGTGTAGAGAGATTTCATAAAGACAGCAAACAT 
51 CCCTTCTTTTTGTTCTGTTTTAAAAGTTCCCTTCTTCAACCAGCTCTTTI 
101 CCTCATCAGGGTAAGTTGCAAATAAAGGGGATGTTCCAGAATC AAGAAGA 
1 5 I GAAGATGTCAGACTCGCCTCAGAGGAAGATGGGAAGAGGAAAGATTGAG A 

2 01 TT AAGAGGATTGAAAATACAACAAATCGTCAAGTCACTTTCTGTAAGAGA 

2 51 AGAAATGGGTTGCTTAAAAAAGCTTATGAACTTTCTGTTCTTTGTGATGC 

3 01 TGAAGTTGCTCTCATCGTTTTCTCAAGCCGTGGCCGCCTCTATGAATATG 

3 51 CTAACAACAGTGTGAAGGCAACAATTGATAGATATAAGAAAGCATCCTCA 

4 01 GATTCCTCCAACACTGGATCTACTTCTGAAGCTAACACTCAGTTTTATCA 
4 51 ACAAGAAGCTGCCAAACTCCGAGTTCAGATTGGTAACTTACAGAACTCAA 
501 ACAGGAACATGCTAGGCGAGTCTCTAAGTTCTCTGACTGC AAAAG ATCTG 
551 AAAGGCCTGGAGACCAAACTTGAGAAAGGAATTAGTAGAATTAGGTCCAA 
SOI AAAGAATGAACTCCTGTTTGCTGAGATTGAGTATATGCGAAAAAGGGAAA 

6 51 TTGATTTGCACAACAACAATCAGATGCTTCGGGCAAAGATAGCTGAGAGT 

7 01 GAAAGAAATGTGAACATGATGGGAGGAGAATTTGAGCTGATGCAATCTC A 
751 TCCGTACGATCCAAGAGACTTCTTCCAAGTGAACGGCTTACAGCATAATC 

8 01 ATCAATATCCACGCCAAGAC AACATGGCTCTTCAATTAGTATAAGTTTAT 

8 51 AATAAAATGCATGGTTTGAAGC ACTCTGATTGTGGTGGATTTGGATTATG 
901 TATAAGGGAGTGCAGGCCATTTGCCAATTATTGAAAGGTACTC AAACAGG 

9 51 AAGTTGAAGAAGTTCATC ATCTCTCTCATCTATATGTCTTAAC AAAAGTC 

10 01 TTAGCTTATGGACTCTAAAACAAAGACTTAATTTAACATATAAATATAAT 
10 51 TGTGTAATGCTGTTGTATTGTATGGTATGTATCCAAAAACATTAATAACC 
1101 TATCTTTTTCTTCAAATTATGTCTCCTTTG ATACAAACT ACTAACATATT 
1151 TTCTTAT 



5EQ ID NO: 6 Nucleotide sequence CVS? 

ATGTTTCTTCCAATTCTCTTCACCATTTCCCTCCTCTTCTCCTCCTCCCATGCT 



10 



SHQ ID NO: 7 Nucleotide sequence NEC1 promoter 
! C CTAGGAGAAATCAAGCCTACTCTTAAGATGGATGACTCACTTGCCCCGA 
TGGTAAGGTGAAGGATCTGTTGATTAGAGTTGGGAAGTTCATGTTCTCTG 
CTGATTTTATTATTCTAGACTATGAAGAGGACCAAGAAGCTCCAATAATT 



51 
101 



151 TTGGGAAGAGCATTCTTAATCACATCGATGGCAATTATTGACATGGAACT 
2 01 TGGGGAGATGACTGTGAGAGCGCATGGAGAAAAGGTTACTTTCAAGGTTT 



ATAATAAAAAGGATCATATGGCTAAGTTTGAAGAGTGTTCTTTGATAGAA 
TGTGTCAGACGAGAACATGAAAGTAAACCGAAAGAGGTGTTTGAGCGGAA 
TGTAGAACAAAGTGACCACGGCACAATAATTGACAAGTTGAAGGAAAATT 
CACCTAAAGGAAGGAAGAAGACAAAAGTTCGTCGTAACAAGAGGAGACGT 
AAATGCTGGAAGTGAGCTTAAAGGTGTTGTCGTACTACGACGTTAACTAA 
GGCGCTTGTCGGGAGGCAACCCTAGCTTTGTATGTAAATGTAAAAGTAAA 
AAATATATATATAGAAAAAGGAAAATACAAAAAGAGTCGTGCCGCGACGT 
TAAATCAAGCGCTTGTTGGAAGGCAACCCAATTTTTATTGTTTTAGTTGT 
TTTACTTATTTAGTATTACGTAGTTTCTTGTTGTTTTTGTAGGGCTCGGG 
ACTTTCGGAAGGTGAGGTAATTTCAAGGCATCGCGGTGTGTATTGCAGCG 
AGGTAAGTGTAAGAGTTGAGTTGGAAGCGTTTGGCCAAGTGTTGCACCGT 
GAGAGGCTTTCAACCTGTTGCGACACGTGAAAAATTAAGAGCCAGATCTG 
CTACATTAGCACTGAAGCATCGCTTGGCCAATAGCTTGGAATGGAAGCAA 
GAATTCAAACCAAAATCAGAAACGCCACAAGAGATGTGTCGCACACTGCA 
AAGCTTTGTGCAAACTAGTGAACGCAGAAATAGAAATGCTACAGCCCATG 
CGTCGCTTGGCTTATGGCAGGCAGCAAAAATTCAGCAGCAAAACAGAAAC 
GCTGCGAGAAACGCGTCGCATACGCCATAGCTTTGTGTCAAACAGAACGT 
CCAGAAATTGAAAAGCTATAAGCCTGCGTCGCTTGGCTCATGGCGTGCAG 
1151 ACTAGAAAAGCTCTAGCAGATGCGTCGCGTATTGTATAGCTTGGTGTGAA 
1201 ACAGAAAGTTCGAAACTTGGAAAACGATAACCCAGCGTCGCCTCTTCAAC 
1251 CGCGTCCAGGTAAGTTCAAGATTCTTACGGGTTGACCCATTAACCCATTG 

55 1301 ■atcggctgattataaacaataaaacatcaccttcaactatcacatgattt 

13 51 CATAAGTTTGACCT AGGATATTTTAT ATATAT AT AT ATATATATACACAC 

1401 ACACACCATTTCCAGCGATCTTACCTCATTTTTATTC AAACCATTTTTCT 



251 
15 301 
351 
401 

20 

451 
501 
25 551 
601 
S51 

30 

701 
751 
35 801 
851 
901 

40 

951 
1001 
45 1051 
1101 

50 
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25 



4-6 

14 51 GCTTCAAAAGTTTAAATTATTAATATGATAAGTCATCCATAGTCAAACAA 
1501 GATTTTCTATACTATTTTGTCCCrTGTAATTTTAAAAAAAAAATGAGCGA 
1551 TGGTAAGATAAACATTGTTTGCAAGTGTACAATTTTAGTATATGCAAACC 
16 01 AACGCTTCTTCTTCCAACTATCACCTAAAACTACATCATTTATGGCGGGC 

1 5 5 1 GGACTAGACGTAGCCAAATATAAAAACGCAATGGCCATTCAGTTCATGTC 
1701 ATTTTTATATCCTTCATCCAATAATATTACTCAAAATTGATGTACAGTTT 
1751 GGTCTCTGATGTGCACTTTACTATACGTAATACGGAATTTACATTATAAT 

15 1801 TAAAGAGAACTGTTCCACTAAATTTTAATGATTTAATTAATTTAACTCGG 

18 51 TTACTTGTATTATTATTATTGCTGTATTTGTTTGTCATTTGAATTTGGCA 

1901 CCGCAGATTTTTGTATGCAATTAACCCTCATATATCTTTTGGCCAAATAA 

20 1951 AGAAAAAGTCTGCATATTTCTTGCCAAACATTTATCATACTTTACCGAAT 

20 01 T cTTGTTTTTTGTTTCTCTGTTGTTGTTCTCCACTATAAATAACATTTGC 

2051 AGTGAGTAAAGTTTCTTCAGGTCTCTTTTGTAGATTCAACAAGAGTATTC 

2101 AGCACTTGAACTCAAAAGGGGCTTCACTAAAAAAAATCATG 



CO 



Q 



- 48 - 



10 



15 



20 



25 



EPO - DG 1 
1 4 12. 1998 



Claims 



1. An isolated DNA sequence from the promoter region 
upstream of a nectary- specif ic expressed sequence, which 
nectary- specif ic expressed sequence encodes a protein 
comprising the amino acid sequence given in SEQ ID NO: 1, or 
a homologous protein. 

2. An isolated DNA sequence according to claim 1, wherein 
the nectary-specific expressed sequence has: 

a) a nucleotide sequence given in SEQ I D NO : 4 , or 

b) a nucleotide sequence obtainable by hybridisation with 
the nucleotide sequence of (a) or with a fragment of (a) . 

3. An isolated DNA sequence according to claim 1 or 2 , 
obtained from a plant of Petunia hybrida, the sequence 
consisting essentially of the sequence given in SEQ ID NO : 7 , 
or a functional fragment thereof having promoter activity. 



:rom the promoter 



region 
which 



4. An isolated DNA sequence 

upstream of a nectary-specific expressed sequence, 
nectary-specific expressed sequence encodes a protein 
comprising the amino acid sequence given in SEQ ID NO: 2, or 
a homologous protein. 

5. An isolated DNA sequence according to claim 4, wherein 
the nectary-specific expressed sequence has: 

a) a nucleotide sequence given in SEQ ID NO: 5, or 

b) a nucleotide sequence obtainable by hybridisation with 
the nucleotide sequence of (a) or with a fragment of (a) . 



3C 6. An isolated DNA sequence according :o claim 4 or 5, 
obtained from a plant of Petunia hybrid*, the sequence 
consisting essentially of the sequence given in SEQ ID NO : 8 
or a functional fragment thereof having promoter activity. 
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, isolated DMA sequence encoding a protein comprising 

7. An isuxci T n nto-1 or a homolo- 

thfl am^no acid sequence given m S*Q ID * ' °- 

tne am-i-w seauence oemg 

gous protein, the expression o, th- DMA 
predominantly confined to the nectar.es o, a plan.. 

, ^ isolated DNA sequence according to claim 7 having: 

ai a nucleotide sequence given in SEQ ID NO -. 4 , or 

a) a nuc_e „u hainab le bv hybridisation with 

b) a nucleotide sequence obtainable by y 

„ r - i = i or with a fragment of (a) . 
the nucleotide sequence or (a) or witn 

t-hai- results from the sequence 
An isolated DNA sequence that ; r»u ^ subs titution 
^r, qfo ID NO: 4 by insertion, deletion 
T Tne "r o e nucleotides, including naturally occurring 
vLrlt Jns or variations introduced hy targeted .utagenes.s 
or recombination. 

, o An isolated DNA sequence according to claim 7 having 
1 nucleotide sequence given in SKO ID NO. sa.d sequence 
oe^g produced by current DNA synthesis techniques. 

An isolated DNA sequence encoding a protein comprising 
11. An isuia^ , mo -2 or a homolo- 

the amino acid sequence given in « *' faeing 

gous protein, the expression of the BlA q 
^edominantly confined to the nectaries o. a pla-t . 

12 An isolated DNA sequence according to claim 11, having- 
a) 'a nucleotide seauence given in SEQ ID NO: 5, or 

a) a nucleoli „Ht- a -inable by hybridisation witn 
i_ \ a nucleotide sequence obtainable Dy y 

b) a nucie fragment of (a) . 
the nucleotide sequence of (a) or 



. ola . ed DNA seauence that results from the seauence 
13 ^ slot NO 5 bv insertion, deletion or substitution 

rLritils or variations introduced by targeted mutagenesis 
or recombination. 
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14. An isolated DNA sequence according to claim 11 having 

a nucleotide sequence given in SEQ ID NO : 5 , said sequence 
being produced by current DNA synthesis techniques. 

15. Any sequence that encodes a nectary-specific MADS box 
gene . 

16. An isolated DNA sequence comprising the coding region 
for a signal peptide, wherein the information contained in 
the DNA sequence permits, upon translational fusion with a 
DNA sequence encoding a protein that is expressed in necta- 
ries, targeting of the protein to nectar. 

17 An isolated DNA sequence according to claim 16, compri- 
sing the nucleotide sequence given in SEQ ID NO : 6 obtained 
from a plant of Calluna vulgaris, or a nucleotide sequence 
obtainable by hybridisation with the nucleotide sequence 
given in SEQ ID NO: 6. 
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30 



18. A recombinant double- stranded DNA molecule comprising an 
expression cassette comprising the following constituents: 

i) a promoter functional in plants, 

ii) a DNA sequence coding for a protein as defined in any 
of claims 7 to 15 which is fused to the promoter se- 
quence in sense or antisense orientation, and opti- 
onally 

iii) a signal sequence functional in plants for the trans- 
cription termination and polyadenylation of an RNA 
molecule. 

19 a recombinant double- stranded DNA molecule comprising an 
expression cassette comprising the following constituents: 

i) ~ a promoter functional in nectaries of plants, 

ii) a DNA sequence coding for a protein which is fused to 



the promoter sequence in sense o 
on, and optionally 



r antisense orientati 
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25 
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i i < ) a signal sequence functional in plants for the trans 
cription termination and poiyadenylation of an RNA 
molecule . 



- 20 A recombinant double -stranded DNA molecule comprising an 
' e^ession cassette comprising the following constituents: 

a promoter functional in nectaries or plants, 
l\) a DNA sequence encoding a protein which is fused to the 

promoter, 

,0 iii) a DNA sequence encoding a signal peptide that targets 
the recombinant protein to nectar, which is translate - 
onally fused to the DNA sequence encoding the recombi- 
nant protein, and optionally 
iv) a signal sequence functional in plants for the trans- 
x ' - - -• - - — =»« RNA 



30 



cription termination and poiyadenylation of an 
molecule 



21 A recombinant double -stranded DNA molecule according to 
claim 19 or 20 wherein the promoter is as defined in any o, 

20 claims 1-6 . 

22 a recombinant double- stranded DNA molecule according to 
claim 20 or 21 wherein the DNA sequence encoding a signa. 
peptide is as defined in claim 16 or 17. 

23 a process for producing a transgenic plant exhibiting 
excretion of a recombinant protein in its nectar, comprx- 

introducing in a plant cell a recombinant double-stran- 
ded DNA-molecule as defined in any of claims 20 to 22, 
wherein the recombinant protein is excreted in nectar 

ii) regenerating plants from the transgenic cell, and 

iii) selecting transgenic plants. 

24 . A process for producing a transgenic plant exhibiting a 
modified nectar composition, comprising: 

i) introducing in a plant cell a recombinant aouble-sui.,- 
ded DNA-molecule as defined in any of claims 19 to 2,, 



sing 
i) 
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wherein the recombinant protein interferes with meta- 
bolic pathways in the nectaries, 

ii) regenerating plants from the transgenic cell, and 

iii) selecting transgenic plants. 

5 

25 . A process for producing a transgenic plant exhibiting a 
modified nectar secretion, comprising: 

i) introducing in a plant cell a recombinant double- stran- 
ded DNA-molecule as defined in any of claims 19 to 22, 

10 wherein the recombinant protein interferes with sink 

strength of nectaries 

ii) regenerating plants from the transgenic cell, and 

iii) selecting transgenic plants. 

15 26. A process for producing a transgenic plant exhibiting a 
modified nectary development, comprising: 

i) introducing in a plant cell a recombinant double- stran- 
ded DNA-molecule as defined in claims 19 or 22, wherein 
the recombinant protein interferes with the development 

20 of nectaries 

ii) regenerating plants from the transgenic cell, and 

iii) selecting transgenic plants. 



25 27. A process for producing honey from modified nectar of 
transgenic plants, comprising: 

i) producing a transgenic plant by introducing in a plant 
cell a recombinant double- stranded DNA molecule as 
defined in any of claims 19 to 22, regenerating plants 

30 from the transgenic cell, and selecting modified plants 

exhibiting the excretion of nectar with a modified 
composition, 

ii) allowing insects, preferably bees, to collect nectar 
from the transgenic plants and to process the nectar 

35 into honey. 

28. A process for producing a recombinant gene product from 
honey, comprising: 



10 
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i) producing a transgenic plant by introducing in a plant 
cell a recombinant double -stranded DNA molecule as 
defined in any of claims 20 to 22, regenerating plants 
from the transgenic cell, and selecting modified plants 
exhibiting excretion of the recombinant gene product in 
nectar, 

ii> allowing insects, preferably bees, to collect nectar 
from the transgenic plants and to process the nectar 
into honey, and 
iii) isolating and purifying the gene product from the 

honey . 

29. A process for producing a metabolite from honey, compri- 
sing : ... 
15 i) producing a plant that excretes this metabolite in 
nectar and which plant has been produced by current 
breeding and selection methods, 
U) allowing insects, preferably bees, to collect nectar 
from the selected plants and to process the nectar into 

2 0 honey, and 

iii) isolating and purifying the metabolite from the 

honey . 

30. Micro organisms containing DNA sequences according to 
25 one or more of claims 1 to 17. 

31. Micro organisms containing recombinant DNA molecules 
according to any of claims 18 to 22. 

30 32. A plant cell or plant cell culture transformed with one 
or more DNA sequences according to claims 1 to 17 . 

33. A plant cell or plant cell culture transformed with 
recombinant DNA molecules according to any of 13 to 22. 



35 



34. a plant consisting essentially of the plant cells of 
claims 32 or 33 . 



3^ 
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35. a transgenic plant obtained by the process of any of 
claims 23 to 26. 

35. Seeds, tissue culture, plant parts or progeny plants 
derived from a transgenic plant according to claim 35. 

36. Honey obtained from nectar from transgenic plants, which 
nectar has a modified composition. 

37. Honey obtained from nectar from transgenic plants, which 
nectar comprises a recombinant gene product. 
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TGATCC7GTT CGAGAAGCTA CAAAATCAAA AGAAGC-TGTA GAAATCATTA 
TCAACATTGA AGATGATAAT TCTGATAACS rVTTGCAGTC CATGGAGAAG prat 119 
GATTTTTCCA GACTGCGGAC ATCAAAATAA GCAAGAAGAT GATCAAAAAA 
151 TGACAAAGCT AAGGAGTTTG AAGTAAGGCA AGGAACTTGA CACTGAATAT 
201 CTAAGCTAAT TAGCAAGACT TTAGCAGCTT GTAATATTTA GTGTTTGTGA 
251 GGTGTTACCT TATAATTAGC TTTCTAGCATA BPCTTCCCAC TAATAATTCT prat 122 
301 GCTTAGCGAA TCTTATATAT GGGAAATACT TACACTAGTA TGCATCTTCT 
351 ATATACATGT TTGGCACTTG ACTATACATA GAAAAATTAA CAAGCATTTC 
401 TCACCTCAAT TTGTCACTTA CTTATAAGTA GCTGAATAAT ATAATGCAAT 
451 TTTCACCCC 
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TCGAGCGGCC 


GCCCGGGCAG 


GTATTCAACA 


AGAGTATTCA 


CCACTTGAAC 


51 


TCAAAAGGGG 


CTTCACTAAA 


AAAAAATCAT 




r^TGCTGATG 


101 


ACTTGTCTTT 


CATATTTGGC 


CTTCTTGGTA 


ATATTGTATC 


ATTCATGGTC 


151 


TTCCTAGCAC 


CCGTGCCAAC 


ATTTTACAAA 


ATATATAAAA 


GGAAATCATC 


201 


AGAAGGATAT 


CAAGCAATAC 


CATATATGGT 


AGC AC TGTTC 


AGCGCCGGAC 


251 


TATTGCTATA 


TTATGCTTAT 


CTCAGGAAGA 


ATGCCTATCT 


TATCGTCAGC 


301 


ATTAATGGCT 


TTGGATGTGC 


CATTGAATTA 


ACATATATCT 


CTCTGTTTCT 


351 


CTTTTACGCG 


CCCAGAAAGT 


CTAAGATTTT 


CACAGGGTGG 


CTGATGCTCT 


401 


TAGAATTGGG 


AGCCCTAGGA 


ATGGTGATGC 


CAATTACTTA 


TTTATTAGCA 


451 


GAAGGCTCAC 


ATAGAGTGAT 


GATAGTGGGA 


TGGATTTGTG 


CAGCTATCAA 


501 


TGTTGCTGTC 


TTTGCTGCTC 


CTTTAAGCAT 


CATGAGGCAA 


GTAATAAAAA 


551 


CAAAGAGTGT 


AGAGTTCATG 


CCCTTCACTT 


TATCTTTGTT 


CCTCACTCTC 


501 


TGTGCCACTA 


TGTGGTTTTT 


CTATGGGTTT 


TTCAAGAAGG 


ACTTTTACAT 


651 


TGCGTTTCCA 


AATATACTGG 


G C TTTC T ATT 


CGGAATCGTT 


CAAATGCTAT 


701 


TATATTTTGT 


TTACAAGGAT 


TCAAAGAGAA 


TAGATGATGA 


AAAATCTGAT 


751 


CCTGTTCGAG 


AAGCTACAAA 


ATCAAAAGAA 


GGTGTAGAAA 


TCATTATCAA 


801 


CATTGAAGAT 


GATAATTCTG 


ATAACGCATT 


GCAGTCCATG 


GAGAAGG 
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TCGAGCGGCC C-CCCGGGCAG GTATTCAACA AGAGTATTCA CCACTTGAAC 
TCAAAAGGGG CTTCACTAAA AAAAAATCAT GGCGCAATTA CGTGCTGATG 
ACTTGTCTTT CATATTTGGC CTTCTTGGTA ATATTGTATC ATTCATGGTC 
TTCCTAGCAC CCGTGCCAAC ATTTTACAAA ATATATAAAA GC-AAATCATC 
AGAAGGATAT CAAGCAATAC CATATATGGT AGCACTGTTC AGCGCCGGAC 
251 TATTC-CTATA TTATGCTTAT CTCAGGAAGA ATGCCTATCT TATCGTCAGC 
301 ATTAATGGCT TTGGATGTGC CATTGAATTA ACATATATCT CTCTGTTTCT 
3 51 CTTTTACGCG CCCAGAAAGT CTAAGATTTT CACAGGGTGG CTGATGCTCT 
401 TAGAATTGGG AGCCCTAGGA ATGGTGATGC CAATTACTTA TTTATTAGCA 
451 GAAGGCTCAC ATAGAGTGAT GATAGTGGGA TGGATTTGTG CAGCTATCAA 
501 TGTTGCTGTC TTTGCTGCTC CTTTAAGCAT CATGAGGCAA GTAATAAAAA 
551 CAAAGAGTGT AGAGTTCATG CCCTTCACTT TATCTTTGTT CCTCACTCTC 
601 TGTGCCACTA TGTGGTTTTT CTATGGGTTT TTCAAGAAGG ACTTTTACAT 
651 TGCGTTTCCA AATATACTGG GCTTTCTATT CGGAATCGTT CAAATGCTAT 
701 TATATTTTGT TTACAAGGAT TCAAAGAGAA TAGATGATGA AAAATCTGAT 
7 51 CCTGTTCGAG AAGCTACAAA ATCAAAAGAA GGTGTAGAAA TCATTATCAA 
801 CATTGAAGAT GATAATTCTG ATAACGCATT GCAGTCCATG GAGAAGGATT 
851 TTTCCAGACT GCGGACATCA AAATAAGCAA GAAGATGATC AAAAAATGAC 
901 AAAGCTAAGG AGTTTGAAGT AAGGCAAGGA ACTTGACACT GAATATCTAA 
951 GCTAATTAGC AAGACTTTAG CAGCTTGTAA TATTTAGTGT TTGTGAGGTG 
1001 TTACCTTATA ATTAGCTTGT AGCATAGCCT TCCCACTAAT AATTCTGCTT 
1051 AGCGAATCTT ATATATGGGA AATACTTACA CTAGTATGCA TCTTCTATAT 
1101 ACATGTTTGG CACTTGACTA TACATAGAAA AATTAACAAG CATTTCTCAC 
1151 CTCAATTTGT CACTTACTTA TAAGTAGCTG AATAATATAA TGCAATTTTC 
1201 ACCCC 



FIG.4 




FIG. 5 




FIQ.6 



ill! v SWB^Mm V KIWI; 

7/20 

CCTAGGAGAAATCAAGCCTACTCTTAAGATGGATC-ACTCACTTGCCCCGA 
TGGTAAGGTGAAGGATCTGTTGATTAGAGTTGGGAAGTTCATGTTCTCTG 
CTGATTTTATTATTCTAGACTATGAAGAGGACCAAGAAGCTCCAATAATT 
TTGGGAAGAGCATTCTTAATCACATCGATGGCAATTATTGACATGGAACT 
TGGGGAGATGACTGTGAGAGCGCATGGAGAAAAGGTTACTTTCAAGGTTT 
ATAATAAAAAGGATCATATGGCTAAGTTTGAAGAGTGTTCTTTGATAGAA 
TGTGTCAGACGAGAACATGAAAGTAAACCGAAAGAGGTGTTTGAGCGGAA 
TGTAGAACAAAGTGACCACGGCACAATAATTGACAAGTTGAAGGAAAATT 
CACCTAAAGGAAGGAAGAAGACAAAAGTTCGTCGTAACAAGAGGAGACGT 
AAATGCTGGAAGTGAGCTTAAAGGTGTTGTCGTACTACGACGTTAACTAA 
GGCGCTTGTCGGGAGGCAACCCTAGCTTTGTATGTAAATGTAAAAGTAAA 
AAATATATATATAGAAAAAGGAAAATACAAAAAGAGTCGTGCCGCGACGT 
TAAATCAAGCGCTTGTTGGAAGGCAACCCAATTTTTATTGTTTTAGTTGT 
TTTACTTATTTAGTATTACGTAGTTTCTTGTTGTTTTTGTAGGGCTCGGG 
ACTTTCGGAAGGTGAGGTAATTTCAAGGCATCGCGGTGTGTATTGCAGCG 
AGGTAAGTGTAAGAGTTGAGTTGGAAGCGTTTGGCCAAGTGTTGCACCGT 
GAGAGGCTTTCAACCTGTTGCGACACGTGAAAAATTAAGAGCCAGATCTG 
CTACATTAGCACTGAAGCATCGCTTGGCCAATAGCTTGGAATGGAAGCAA 
GAATTCAAACCAAAATCAGAAACGCCACAAGAGATGTGTCGCACACTGCA 
AAGCTTTGTGCAAACTAGTGAACGCAGAAATAGAAATGCTACAGCCCATG 
CGTCGCTTGGCTTATGGCAGGCAGCAAAAATTCAGCAGCAAAACAGAAAC 
GCTGCGAGAAACGCGTCGCATACGCCATAGCTTTGTGTCAAACAGAACGT 
CCAGAAATTGAAAAGCTATAAGCCTGCGTCGCTTGGCTCATGGCGTGCAG 
ACTAGAAAAGCTCTAGCAGATGCGTCGCGTATTGTATAGCTTGGTGTGAA 
ACAGAAAGTTCGAAACTTGGAAAACGATAACCCAGCGTCGCCTCTTCAAC 
CGCGTCCAGGTAAGTTCAAGATTCTTACGGGTTGACCCATTAACCCATTG 
ATCGGCTGATTATAAACAATAAAACATCACCTTCAACTATCACATGATTT 
CATAAGTTTGACCTAGGATATTTTATATATATATATATATATATACACAC 

FIG. 7 
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ACACACCATTTCCAGCGATCTTACCTCATTTTTATTCAAACCATTTTTCT 

GCTTCAAAJ^GTTTAAATTATTAATA.'TGATAAGTCATCCATAGTCAAACAA 

GATTTTCTATACTATTTTGTCCCTTGTAATTTTAAAjy\AAAAA.TGAGCGA. 

TGGTAAGATAAACATTGTTTGCAAGTGTACAATTTTAGTATATGCAAACC 

AACGCTTCTTCTTCCAACTATCACCTAAAACTACATCATTTATGGCGGGC 

GGACTAGACGTAGCCAAATATAAAAACGCAATGGCCATTCAGTTCATGTC 

ATTTTTATATCCTTCATCCAATAATATTACTCAAAATTGATGTACAGTTT 

GGTCTCTGATGTGCACTTTACTATACGTAATACGGAATTTACATTATAAT 

TAAAGAGAACTGTTCCACTAAATTTTAATGATTTAATTAATTTAACTCGG 

TTACTTGTATTATTATTATTGCTGTATTTGTTTGTCATTTGAATTTGGCA 

CCGCAGATTTTTGTATGCAATTAACCCTCATATATCTTTTGGCCAAATAA 

AGAAAAAGTCTGCATATTTCTTGCCAAACATTTATCATACTTTACCGAAT 

TCTTGTTTTTTGTTTCTCTGTTGTTGTTCTCCACTATAAATAACATTTGC 

AGTGAGTAAAGTTTCTTCAGGTCTCTTTTGTAGATTCAACAAGAGTATTC 

AGCACTTGAACTCAAAAGGGGCTTCACTAAAAAAAATCATG 



FIG.7(C0NTIN.) 



9/20 



;. o' 

,!=!■ 



-pLi. 



CO 

O 

■G. 



Co 

00 



as 
CO 



o 
a 

fin 



CO 



CO 

O 



PS 



FIG.8 



12/20 




FIG. 11 



13/20 

+ ^************************************* 
* ALIGNMENT OF TWO PROTEIN SEQUENCES * 

The two sequences to be aligned are: 
PCVK29 . 

Total nuniber of residues: oO. 
GERi 

Total number of residues: 211. 

Comparison matrix : Structure-genetic matrix. 
Open gap cost : 7 

Unit gap cost : l 

^ The character to show that two aligned residues are identical is • | ' 



. ^xoipFrJiFsixipiUoiFcUikoUsUscU^ -SO 

-60 

PCVH2 9 - DFVFHGLGTA 

- D F AF S GLiGKAGNT SNV I KAAVT ? AF AP AF AGIjNGIiD V S IiAJttLD LAGGGV I -100 

- PLHTHPGASEVLVVIQGTICAGr ISSANKVYLKTLSRGDSMVFPQGLLiHF -150 

- QliNSGKGPALAFVAFGS S S PGLrQ I LPF ALF ANDLPSELVEATTFLSDEEV -200 
GSR1 " KKLKGVLGGTN -211 

Identity : 36 ( 60%) 

££r of gaps inserted, in PCVH29: 0 
Number of gaps inserted in GER1 : 0 

„„„„„.«..«««--«---«PC/GENE=« 

„ s i 7-APR-1998"""""" 23 ""-" 11 " 



PCVH2 9 
GSR1 



GER1 
GER1 
GSR1 
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Abstract 

Process to collect metabolites from modified nectar by 
insects 

The invention relates to a recombinant double- stranded DNA 
molecule comprising an expression cassette comprising the 
following constituents: 

i) a promoter functional in nectaries of plants, 
5 ii) a DNA sequence encoding a protein which is fused to the 

promoter , 

m iii) a DNA sequence encoding a signal peptide that targets 

the recombinant protein to nectar, which is translati- 
onally fused to the DNA sequence encoding the recombi- 
10 nant protein, and optionally 

iv) a signal sequence functional in plants for the trans- 
cription termination and polyadenylation of an RNA 
molecule . 

The invention further relates to a process for producing a 
15 recombinant gene product from honey, comprising: 

i) producing a transgenic plant by introducing in a plant 
cell a recombinant double -stranded DNA molecule, rege- 
nerating plants from the transgenic cell, and selecting 
modified plants exhibiting excretion of the recombinant 

^ 20 gene product in nectar, 

ii) allowing insects, preferably bees, to collect nectar 
from the transgenic plants and to process the nectar 
into honey, and 

iii) isolating and purifying the gene product from the 

2 5 honey - 
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